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Modern microbiological 
techniques and their use in 
dialysis fluid systems: What are the 
benefits?
R Nystrand1
Modern microbiological techniques using characterization of DNA are 
increasingly used in ecological microbiology to describe the diversity 
of microfloras. The benefit is that systems can be described with a much 
higher degree of reality. In dialysis, one application is the evaluation of 
fluid-system disinfection strategies.
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Introduction
Since 1990, concern about the microbio-
logical quality of dialysis fl uids has been 
increasing, and the requirements in stand-
ards and recommendations set by authori-
ties are becoming more stringent. An 
important issue in these discussions has 
been the method used to detect micro-
organisms. Classically, microorganisms 
have been detected with the use of diff er-
ent types of culture techniques. Indeed, at 
present, most microbiological analyses are 
performed with the use of only insensitive 
culture methods.1,2
In order to form a visible colony, noted 
as a colony-forming unit, a microorgan-
ism must be able to grow under the culture 
conditions off ered. Th e problem with the 
use of culture methods to determine bac-
terial colonization is, in short, that there 
are many microorganisms but only a very 
limited number of culture conditions used 
— usually just one. Just consider that there 
are some 1 100 acknowledged genera of 
bacteria, with about 7 000 separate spe-
cies described in the literature.3 Using a 
single standardized culture technique,1,2 
it can be estimated that fewer than 30% 
of these species will be able grow. For 
dialysis water, some countries have estab-
lished specifi c criteria for the numbers of 
certain bacterial species permitted. But the 
‘identifi cation’ (or rather characterization) 
and quantifi cation of a certain species is 
oft en laborious and oft en very imprecise 
when dealing with an environmental 
microfl ora. Other microorganisms, such 
as yeast, molds, algae, and protozoa, are 
notoriously diffi  cult to grow in culture. 
Th ere is a real need of methods more sen-
sitive than the culture methods developed 
by Robert Koch in 1881.4
What are ‘modern techniques’?
Modern techniques for the identifi cation 
and quantitation of microorganisms from 
their DNA have been developed since 
the polymerase chain reaction (PCR) 
technique became available. The PCR 
technique makes it possible in principle 
to replicate a single DNA molecule suf-
fi ciently to have enough DNA for further 
analytical work such as gel electrophore-
sis.
In principle, work could be done with 
either DNA or RNA, but for practical rea-
sons DNA is preferred, as mRNA is very 
readily and rapidly degraded by RNAses. 
Conversely, the DNA molecule is a rather 
stable structure and can stand all the 
required chemical treatments. It is degra-
dable by DNAses. In practice its ‘survival 
time’ is judged to be about 3 days. As 
all cells do have DNAs, it is essential to 
destroy the DNAses immediately aft er the 
sampling.
All techniques start with a sampling 
procedure to obtain bacterial (or other 
microorganism) DNA followed by PCR 
amplifi cation to obtain enough 16S ribo-
somal DNA (rDNA) for further analy-
sis.5–7 Several methods can be used then 
to characterize the rDNA (the techniques 
discussed here are only for prokaryotic 
organisms): 
(1)  temperature gradient gel electrophore-
sis,8 in which diff erent DNAs can be 
separated on the basis of the melting 
point of the DNA (which depends on 
guanine–cytosine content);
(2)  density gradient gel electrophoresis,8,9 
in which diff erent DNAs can be sepa-
rated on the basis of their density;
(3)  restriction fragment length polymor-
phisms, which can be obtained and 
compared with libraries.
Characterization of microflora. The 
modern use of 16S rDNA, temperature 
gradient gel electrophoresis, density 
gradient gel electrophoresis, and restric-
tion fragment length polymorphisms 
allows, in principle, the determination of 
the presence of all species present in the 
dialysis sample. Th e description of a spe-
cies is very precise, as it is accurate down 
to the strain level without any problem. 
Determination of the composition of the 
microflora present will be much more 
complete as compared with conventional 
techniques currently used, as shown by 
Gomila et al.5.
Limitations of the DNA-based methods. 
Unfortunately, accurate quantification 
of the microfl ora is in principle not pos-
sible, as it is generally not known how 
many cells contributed to the original 
DNA. Further, no distinction can be made 
among living culturable organisms, living 
non-culturable organisms, inactive organ-
isms, and dead organisms so long as the 
DNA is not damaged.
Discussion
The use of modern DNA-based tech-
niques for evaluation of environments for 
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their microbiological content is becom-
ing more common in research work. Th e 
benefi t is that all the diff erent microfl o-
ras  present can be detected. In principle, 
only one undamaged DNA molecule from 
each species is required. Th ese modern 
DNA techniques are clearly superior to 
the conventional cultivation techniques 
for identifi cation of the diff erent species 
present. Especially, the search for specifi c 
pathogens in diff erent environments is 
facilitated. A limiting factor at present 
for DNA techniques (as well as for con-
ventional characterization) in analysis of 
environmental microfl ora is the limited 
number of organisms characterized in the 
reference libraries. Th is will, however, be 
overcome with time. Reference libraries 
can be built up.
Th e modern DNA techniques do not 
compete with the conventional cultiva-
tion technique in quantifying a micro-
fl ora. One still cannot obtain results such 
as the number of bacteria present per 
milliliter. But it is also diffi  cult to quan-
tify microfl ora in a fl uid system with the 
use of conventional culture techniques, as 
microorganisms tend to form colonies on 
inner surfaces of the fl uid systems because 
of biofi lm formation.10 Th ese microor-
ganisms will of course not show up in any 
analysis of a fl uid phase.
Th e DNA techniques are still very labo-
rious in comparison with conventional 
culture techniques and require a specially 
equipped laboratory. Th ey are presently 
used mostly for research or special tasks 
rather than for routine surveillance of 
dialysis water supplies. A no-growth or a 
low-growth result with a non-optimal cul-
ture technique is usually accepted as satis-
factory even if no preventive and eff ective 
disinfection program is in place.
Th e value of the DNA-based approach 
at present is that a fl uid system in dialysis 
can be evaluated from a hygienic point of 
view by a more sensitive technique. Th is 
is very useful in deciding on or discussing 
a disinfection program or strategy for a 
fl uid system. Th e conventional cultivation 
technique will not reveal the full range 
of the microfl ora present in the fl uid. In 
addition, in those areas where additional 
requirements exist (for example, testing 
for the presence of Pseudomonas aerugi-
nosa), the DNA techniques are useful.
Conclusion
Development of DNA-based methods for 
analyzing microorganisms present in dial-
ysis solutions has been a major advance 
and off ers important supplemental infor-
mation above and beyond what can be 
obtained from standard culture methods. 
For the time being, the major advantages 
of the modern DNA techniques are for the 
detection of specifi c species that are to be 
kept under control and for the process 
of deciding on a disinfection strategy, as 
these techniques can show a more com-
plex and complete image of the microbio-
logical reality.
REFERENCES
1. Anonymous. AAMI RD52:2004. Dialysate for 
Hemodialysis. Association for the Advancement 
of Medical Instrumentation: Arlington, Virginia, 
2004, 41pp.
2. Nystrand R. Standards and standardisation 
of detection methods for bacteria endotoxin 
in water and dialysis fluid. Nieren und 
Hochdruckkrankheiten 1999; 28: 43–48.
3. Brenner DJ, Krieg NR, Staley JT (eds). Bergey’s 
Manual of Systematic Bacteriology, 2nd edn, vol. 
2. Springer:  New York, 2005, 304pp.
4. Koch, R. Zur untersuchung von pathogenen 
Organismen. Mittheilungen aus dem Kaiserlichen 
Gesundheitsamte 1881; 1: 1–48.
5. Gomila M, Gascó J, Gil J et al. A molecular 
microbial ecology approach to studying 
hemodialysis water and fluid. Kidney Int 2006; 70: 
1567–1576. 
6. Eichler S, Christen R, Holtje C et al. Composition 
and dynamics of bacterial communities of 
a drinking water supply system as assessed 
by RNA- and DNA-based 16S rRNA gene 
fingerprinting. Appl Environ Microbiol 2006; 72: 
1858–1872.
7. Kimura H, Sugihara M, Kato K, Hanada S. Selective 
phylogenetic analysis targeted at 16S rRNA 
genes of thermophiles in deep-subsurface 
geothermal environments. Appl Environ Microbiol 
2006; 72: 21–27.
8. Muyzer G. DGGE/TGGE a method for identifying 
genes from natural ecosystems. Curr Opin 
Microbiol 1999; 2: 317–322.
9. Postee A, Urios L, Lesongeur F et al. Continuous 
enrichment culture and molecular monitoring 
to investigate the microbial diversity of 
thermophiles inhabiting deep-sea hydrothermal 
ecosystems. Curr Microbiol 2005; 50: 138–144.
10. Nystrand R. Thoughts about biofilm in dialysis 
water systems. EDTNA ERCA J 2003; 29: 127–130.
